Objectives: The epidemiology of sexually transmitted infections (STI) in rural, developing world populations is poorly understood. We estimated the prevalence and risk factors of Neisseria gonorrhoeae and Chlamydia trachomatis in a female population in rural Nepal. Methods: We conducted a cross sectional study in a sample of 1177 postpartum women participating in a micronutrient supplementation trial in Nepal. Urine samples were collected to test for the two infections using the ligase chain reaction (LCR). Results: C trachomatis was detected in 1.0% (95% confidence intervals (CI): 0.4 to 1.5) and N gonorrhoeae in 2.3% (95% CI: 1.2 to 3.4) of women. None of the women tested positive for both. Self report of all three symptoms of lower abdominal pain, pain and burning on urination, and vaginal discharge was associated with the presence of gonorrhoea (odds ratio (OR): 12.1, 95% CI: 1.3 to 115.0). Neonatal eye discharge was associated with maternal gonococcal infection (OR = 5.2, 95% CI: 1.1 to 24.9). Incidence of low birth weight was not related to these maternal infections, but very preterm delivery (,32 weeks) was higher among women positive for gonorrhoea (OR = 4.7, 95% CI: 1.0 to 22.0). In a multivariable analysis, low body mass index (,18.5) and cattle ownership were associated with gonorrhoea (p ,0.05), whereas woman's literacy was associated with chlamydia (p = 0.06). Conclusion: We found the rates of N gonorrhoeae and C trachomatis to be low among women in this rural population of Nepal. W orldwide more than 340 million cases of sexually transmitted infections (STI) occur each year.
Objectives: The epidemiology of sexually transmitted infections (STI) in rural, developing world populations is poorly understood. We estimated the prevalence and risk factors of Neisseria gonorrhoeae and Chlamydia trachomatis in a female population in rural Nepal. Methods: We conducted a cross sectional study in a sample of 1177 postpartum women participating in a micronutrient supplementation trial in Nepal. Urine samples were collected to test for the two infections using the ligase chain reaction (LCR). Results: C trachomatis was detected in 1.0% (95% confidence intervals (CI): 0.4 to 1.5) and N gonorrhoeae in 2.3% (95% CI: 1.2 to 3.4) of women. None of the women tested positive for both. Self report of all three symptoms of lower abdominal pain, pain and burning on urination, and vaginal discharge was associated with the presence of gonorrhoea (odds ratio (OR): 12.1, 95% CI: 1.3 to 115.0). Neonatal eye discharge was associated with maternal gonococcal infection (OR = 5.2, 95% CI: 1.1 to 24.9). Incidence of low birth weight was not related to these maternal infections, but very preterm delivery (,32 weeks) was higher among women positive for gonorrhoea (OR = 4.7, 95% CI: 1.0 to 22.0). In a multivariable analysis, low body mass index (,18.5) and cattle ownership were associated with gonorrhoea (p ,0.05), whereas woman's literacy was associated with chlamydia (p = 0.06). Conclusion: We found the rates of N gonorrhoeae and C trachomatis to be low among women in this rural population of Nepal. W orldwide more than 340 million cases of sexually transmitted infections (STI) occur each year. 1 Women and infants with vertically transmitted infection bear the brunt of complications such as stillbirth, ectopic pregnancy, infertility, and ophthalmia neonatorum. 1 Most infected women are asymptomatic and therefore fail to seek timely treatment. [2] [3] [4] [5] STIs also increase the transmission and acquisition risk of HIV-1. 6 The rapid spread of HIV-1 infection in developing countries has been attributed in part to high STI morbidity as a cofactor. Thus, STI prevention is an integral part of the WHO HIV prevention strategy. [7] [8] [9] [10] [11] HIV prevention policies in south Asia have included the development of HIV/STI sentinel surveillance systems that typically target urban, high risk populations. In contrast, few studies have evaluated STI epidemiology in rural populations. For example, among women who reported to maternal and child health centres in the Matlab area of Bangladesh, the prevalence of Neisseria gonorrhoeae, Chlamydia trachomatis, and active syphilis was ,1%. 12 In contrast, among urban women examined at antenatal/mother and child health clinics in Pakistan, ,10% had gonococcal infection. 13 The present study was conducted in a rural south eastern region of Nepal as part of a trial examining the effects of multiple micronutrients on low birth weight.
14 In a substudy we tested women at 6 weeks post partum for N gonorrhoeae and C trachomatis using the urine based ligase chain reaction (LCR) method. We describe the prevalence and risk factors for gonococcal and chlamydial infection in this population and examine the risk of low birth weight, preterm delivery, and neonatal eye discharge among infected women.
METHODS

Study site and population
The parent micronutrient trial 14 was conducted among 4996 pregnant women from January 1999 through March 2001 in a south eastern rural District of Sarlahi, Nepal. The study area comprised 30 village development communities with ,44 000 women of reproductive age (12-45 years). Details of this study are provided elsewhere.
14 Briefly, eligible women of reproductive age were registered for pregnancy surveillance and visited at home by project workers every 5 weeks over a period of 12 months. At each visit women who had not menstruated in the past 30 days were given a urine test to detect pregnancy.
Each newly identified pregnant woman was interviewed to obtain data on sociodemographic status, a 30 day recall of morbidity, and alcohol and tobacco use. Morbidity recall included lower abdominal pain, vaginal discharge, and burning or pain upon urination. Anthropometric measurements included weight, height, and mid-upper arm circumference. At 6 weeks post partum, assessment of morbidity and weight measurement was repeated. Home based birth weight was obtained within 72 hours of birth for 80% of infants. Neonates were visited daily for the first 10 days to ascertain morbidity. On each visit, the newborn's eyes were examined for purulent conjunctivitis. Symptomatic neonates were treated with ciprofloxacin eye drops and ointment using the clinical protocol for treatment currently in use in Nepal.
Substudy
In nine of the 30 village development communities selected for access to roads, pregnant women were also invited to participate in a substudy which involved intravenous blood sampling at baseline, third trimester, and at 6 weeks post partum. At 6 weeks post partum urine was collected and processed as described below and stored for later testing for chlamydia and gonorrhoea infections. In all, 1177 women who had a live birth were visited at 6 weeks post partum.
This sample size was sufficient to detect a minimum STI prevalence of 2% (95% confidence interval (CI): 1.2 to 2.8).
Urine was brought from the field to the study laboratory on ice and processed on the same day. One ml of urine was transferred into a microfuge tube and centrifuged at 9000 g for 15 minutes using the Abbott X-Systems high speed centrifuge. The supernatant was discarded and the pellet resuspended in 1.0 ml of the urine resuspension buffer (Roche Diagnostic Systems). The mixture was incubated at 97˚C in a preheated dry bath for 15 minutes to release the DNA in solution. After cooling the sample was placed in liquid nitrogen for transport to Johns Hopkins University and stored at 270˚C until the analysis.
N gonorrhoeae and C trachomatis were detected in the processed urine specimens using the LCR assay (LCx Probe System, Abbott Laboratories, Abbot Park, IL, USA) following the manufacturer's instructions during the autumn of 2001. There have previously been confirmation issues with the LCR test that has resulted in its being withdrawn. Our test lots were obtained before these manufacturing problems, and were also carefully monitored by in-house quality assurance testing. Owing to an expected low prevalence rate of STIs (,5%), a pooled urine procedure was used as described by Kacena. 15 Briefly, LCR testing was performed by pooling four individual samples, with testing of individual specimens done only when the pool was found to be positive. Thus, positive pooled samples were confirmed by a repeat LCR for each individual sample in the pool. Testing was performed at the Johns Hopkins University STD laboratory in Baltimore, MD.
Data analysis
Because prevalence rates did not differ by nutritional supplementation group, data were pooled for the present analysis. Prevalence of STI infection and 95% CI were calculated. Univariable analyses were done to examine the associations between infections and individual sociodemographic, obstetric, and other maternal risk factors. Body mass index (weight/height 2 ) was calculated using weight measured at 6 weeks post partum and height taken at enrolment. Multivariable logistic regression analyses were conducted separately for gonococcal and chlamydial infection using covariates that were found to have large odds ratios (OR >2.0 or (0.5) in the univariable analysis, irrespective of whether the 95% CI included 1. We also retained known risk factors such as age and occupation of the husband in the model. A variable for ethnicity was also included in the final model because of the known differences in the cultural practices of the two major ethnic groups residing in this area. The association between symptoms of lower abdominal pain, vaginal discharge, and painful/burning urination as reported at 6 weeks post partum and clinical infection determined by LCR analysis of maternal urine samples also collected at 6 weeks post partum were examined using OR and 95% CI. Finally, outcomes of low birth weight (,2.5 kg), and preterm (,37 weeks of gestation) and very preterm delivery (,32 weeks) were examined by whether women were infected or not. All data were analysed using SAS v. 8 (Cary, NC, USA).
Ethical approval
The study was approved by the Nepal Health Research Council and by the Committee for Human Research at Johns Hopkins. Informed consent was obtained for all study participants.
RESULTS
Out of 1177, a total of 1014 and 709 urine specimens were available for chlamydia and gonorrhoea testing, respectively (fig 1) . About 12% of women were not met (because they went to their parental home for delivery and temporarily or permanently move out of the study area) or refused urine testing. Among the remainder, 2.1% of the specimens were lost during transport. A total of 305 specimens were discarded for gonorrhoea testing because laboratory quality assurance procedures identified cross contamination with the gonorrhoea assay. It is unclear if this occurred during specimen transport or at the time of the laboratory analysis. There were no differences in the characteristics of women whose urine specimens were contaminated or not except for a higher prevalence of husband's occupation being business or service in the contaminated group (32.2% versus 25.4%, p = 0.03).
Individuals who tested positive were contacted by study personnel and offered treatment. Three of the women had already sought treatment on their own. The others were informed about their results and offered treatment, which was refused. These women were all asymptomatic which may have resulted in their non-acceptance of the treatment. They were advised by the visiting project staff to have a further examination.
The prevalence was 2.3% (95% CI: 1.2 to 3.4) (16/709) for N gonorrhoeae and 1% (95% CI: 0.4 to 1.5) (10/1014) for C trachomatis. None of the women had dual infection. Individual symptoms of lower abdominal pain, painful/ burning urination or vaginal discharge were not associated with N gonorrhoeae, although having all three symptoms, a condition quite rare in the population (0.6%), increased by several-fold the risk of being positive (OR = 12.1, 95% CI: 1.3 to 115.0) (table 1). C trachomatis was asymptomatic in nearly all cases.
Neither infection was associated with low birth weight (,2.5 kg) (table 2). The risk of very preterm delivery (,32 weeks of gestation) was apparently elevated with N gonorrhoeae (OR = 4.7, 95% CI: 1.00 to 22.0). Ophthalmia neonatorum diagnosed by symptoms of eye discharge in neonates in the first 10 days of life was strongly associated with N gonorrhoeae (OR = 5.2, 95% CI: 1.1 to 24.9) but not C trachomatis.
The multivariable analysis showed few variables to be associated with either infection. Adjusted for other variables, low body mass index (BMI ,18.5) was significantly associated with increased odds of N gonorrhoeae, whereas cattle ownership was protective (table 3) . Maternal literacy appeared to increase the risk of C trachomatis by more than sevenfold (p = 0.06), whereas maternal age, occupation of the husband and tobacco or alcohol use was not associated with the risk of either infection.
DISCUSSION
We found low rates of gonococcal and chlamydial infection among women in rural Nepal. These rates apply mainly to women in pregnancy or in the early postpartum period when risk of STI is low. Few studies have reported the prevalence and risk factors for STIs in rural populations in south Asia. A majority of studies have focused on urban capitals, and select high risk populations, such as STI clinic attendees, commercial sex workers, and injection drug users. 13 16-18 In one study in rural Bangladesh the prevalence of N gonorrhoeae and C trachomatis was low (,1%). 12 We used urine based non-invasive nucleic acid amplification test-that is, LCR technology to test for the infections, mainly because the study was community based and acceptability to urine collection was likely to be much higher than for clinical examination. Some cases may be false positive in low prevalence populations using the LCR method, 19 even though it has relatively high sensitivity compared with cervical specimens. 20 This problem was overcome in our study by pooling the samples and retesting all individual samples when the pool was found to be positive. There were no gonorrhoea/chlamydia co-infections. This was surprising since co-infection is common in many women who have gonorrhoea. 21 22 The sample size may have been inadequate to detect co-infection given the low prevalence of C trachomatis.
Our study had several limitations. The low prevalence of chlamydial infection affected the precision of its estimate. Secondly, for cultural reasons the questionnaires on risk factors did not include questions on sexual behaviours and other practices that may have been stronger determinants of STI. Women who were screened for STIs had all recently completed a pregnancy and met the study criteria of being married and living with their husbands. Thirdly, this analysis assumes that in the absence of STI surveillance and treatment in this setting, women who were infected at 6 weeks post partum were also likely to be infected during pregnancy and at the time of delivery. This assumption may be valid as indicated by the increased risk of ophthalmia neonatorum among those positive with N gonorrhoeae at 6 weeks post partum.
Symptoms of STI
Symptoms of STI did not correlate with urine based LCR testing for STI. This suggests that syndromic treatment guidelines may not be accurate, which has policy implications for testing and treatment of STIs in low prevalence settings. The presence of a single symptom was not predictive. However, we found presence of lower abdominal pain, painful/burning urination, and vaginal discharge was associated with gonococcal but not chlamydial infection. Yet, the sensitivity of self reported clinical symptoms is low. A lack of correlation has previously been reported in Bangladesh, where the WHO syndromic detection of STI was compared with a speculum based method. 12 Consequences of STI Ophthalmia neonatorum was strongly associated with maternal gonococcal infection in a population in which ,1% of women reported having a caesarean section. The sensitivity of clinical symptoms detected by lay project workers trained to examine eye discharge was low (15%), although specificity was high (96%). From a public health perspective, the prevalence of maternal gonococcal infection determines the frequency of ophthalmia neonatorum, 23 which in this population was low. Maternal chlamydial infection is also known to cause this condition in neonates, but tends to appear later, which may explain why we found Maximum missing data on morbidity for gonorrhoea and chlamydia were 16 and 30, respectively. Table 2 Newborn status and infant mortality by presence of gonorrhoea and chlamydia in women at 6 weeks post partum no cases of conjunctivitis in the first 10 days of life to be associated with C trachomatis. In a setting, where prevalence of low birth weight was 43%, 14 the contribution of STI to low birth weight or preterm birth may be small, given the low prevalence of infections. And yet, risk of very preterm birth (,32 weeks) was increased by fivefold if women were infected with N gonorrhoeae. Previously both gonococcal 24 25 and chlamdydial 26 27 infections have been associated with increased risk of preterm birth and low birth weight. In a randomised trial of presumptive therapy for STI during pregnancy in Uganda, significant reductions were observed in neonatal mortality, low birth weight, and preterm delivery. 28 
Risk factors of STI
The risk factors analysis suffered from low power and should be interpreted with caution. Poor nutritional status at 6 weeks post partum, using low BMI, was independently associated with gonococcal infection. Malnutrition can lower immune function and increase susceptibility to infection. This relation needs further examination. We found no discernible pattern with maternal age unlike in previous studies that have found young age to be associated with increased risk of STI. 21 29 30 In an environment where age at marriage (and first pregnancy) is low, young age may not capture the same risks found in settings where premarital sex is more common.
Despite the low sample size, the risk factors analysis revealed a differing risk pattern between the two STIs as seen in previous studies. 31 32 Among all the economic status indicators tested, cattle ownership, a proxy indicator of household wealth was the only one that significantly increased the protective odds of N gonorrhoeae, maybe because socioeconomic differences are less variable in this predominantly agricultural community. The types of risk factors that influence STI risk in this low risk environment need better understanding.
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